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Abstract
Successful poultry producers aim to maximize their meat, egg, or offspring yields while also satisfying the quality expectations of consumers. Even when raised under controlled conditions, poultry are exposed to diverse stressors, such as the hatching process, transportation from hatcheries to farms, vaccination, presence of mycotoxins in feedstuffs, and transportation to slaughter houses, which can have unfavorable impacts on their immunity, productivity, reproductive performance, meat, egg yield, and quality. Curcumin (Cur) is a polyphenolic bioactive molecule found in turmeric, which is used as a natural feed additive in poultry production. The antioxidant characteristics of Cur are due to its chemical structure. Cur can improve the meat quality, such as the color and polyunsaturated fatty acid contents, as well as reducing the drip loss and malondialdehyde concentration in meat. Cur can enhance egg quality characteristics, such as the eggshell strength, yolk color, Haugh unit score, yolk contents of monounsaturated fatty acids and polyunsaturated fatty acids, and yolk Cur concentration. Serotonin secretion is stimulated by Cur, and it prevents heat shock protein 70 and corticosterone production in stressed poultry. Thus, Cur can boost immunity and the effectiveness of vaccinations, and decrease the likelihood of diseases. Therefore, Cur could be applied as an important feed additive and a suitable choice for poultry producers, but it is necessary to know how to select the most appropriate form and level of supplementation before adding Cur to the diets of poultry. The present review clearly describes the impacts of different Cur forms and concentrations of the active substance on poultry production, as well as considering its mode(s) of action. 
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Poultry contributes to improved human nutrition and food security by being a leading source of high quality protein in form of eggs and meat. Chicken (broilers) are now available with traits for quick growth and high feed conversion efficiency. Depending on the farm size, broiler farming can be a main source of family income or can provide subsidiary income and gainful employment to farmers throughout the year. Poultry manure has high fertilizer value which can be used for increasing yield of all crops. India has made tremendous progress in broiler production during the last three decades and broiler population in the country during 2011-12 and stood at 2300 million. Today India is the fifth largest producer of broiler meat in the world with an annual production of 2.47 million MT. Despite this achievement, per capita availability of poultry meat in India is only 2.96 kg which is below the ICMR recommendation of 11 kg meat per capita per annum. Chicken is one of India’s preferred non-vegetarian protein sources (Augustine and Shukla, 2015). 
       Feed additives used in poultry production are a group of natural and non-antibiotic growth promoters, derived from herbs, spices, essential oils. They are natural, less toxic, residue free and ideal feed additives for poultry when compared to synthetic antibiotics or inorganic chemicals. Most common and frequently used herbs and spices for feed additives in poultry production are oregano, thyme, garlic, ginger, coriander, horseradish, chilly, cayenne, pepper, peppermint, turmeric. Many beneficial properties of feed additive compounds are derived from their bioactive molecules viz. carvacrol, thymol, cineole, linalool, anethole, allicin, capsaicin, allyl isothiocyanate and piperine. Feed additives have antimicrobial, antifungal, antiviral, antitoxigenic, antiparasitic and insecticidal properties.  Potential benefits of using phytogenics in poultry nutrition are: increased feed intake, stimulation of digestion, increased growth performance, reduced incidence of disease, improved feed efficiency, increased profitability and reducing poultry house emissions. Therefore to maximize overall performance of poultry, herbal feed additives should be used as in Growth promoters poultry production because of the absence of side effects, residual effects and non-hazardous and eco-friendly nature.
Feed forms major component of total expenditure (about 80 per cent) of poultry business (Asghar et al., 2000). Growth of the poultry sector is mainly attributed to the interventions of the corporate sector with an enabling policy environment provided by the Government of India / State Governments from time to time. This activity provides huge employment opportunities for the rural poor either under Backyard poultry production system or under small scale commercial broiler farming units. Over 5 million people are engaged in poultry sector either directly or indirectly.
In many Asian countries   use of turmeric as a food spice, colorant and medicine has a long tradition (HMPC, 2009). It is traditionally accepted that turmeric is a potent antioxidant and anti-inflammatory agent (Pal et al., 2001). It is also strongly alleged that turmeric can improve digestion and nutrient metabolism. Beneficial effects of turmeric are related to atsiri oil and curcumin content in turmeric (Al- Sultan and Gameel, 2004). Atsiri oil can improve the function of digestive tracts (small intestine) and stimulate  production of digestive enzymes resulting in improved digestion and increased nutrients metabolism (Darwis et al., 1991). Curcumin, in the form of curcuminoids (HMPC, 2009), can enhance bile production and hence fat digestion (Al-Sultan and Gameel, 2004). Being intended further specifically on fat metabolism, Supplementation of turmeric in broiler is subjected to enhance the production of succinyl-Co (formed in the Krebs metabolic cycle) which in turn is expected to increase the production of hemoglobin. This aim is motivated by the fact that the first step in heme (constituent of hemoglobin) synthesis takes place with the condensation of succinyl-CoA and glycine (Bunn and Forget,1986).
Turmeric (Curcuma longa) is a perennial herbaceous plant belonging to the Zingiberaceae family, widely used as a spice and traditional medicine in many countries, including India, China, and Southeast Asia. Turmeric contains several bioactive compounds, such as curcuminoids, volatile oils, and polysaccharides, which have been shown to have various health benefits, including hypocholesterolemic and hepatoprotective effects. Turmeric contains curcumin, a compound that has been shown to have antimicrobial activity against a wide range of bacteria, including those resistant to antibiotics (Kim et al., 2013). In addition, curcumin has been shown to have anti-inflammatory properties, which can help reduce inflammation in the gut and improve gut health in poultry. Furthermore, turmeric has been found to have immunomodulatory effects, which can help boost the immune system of poultry and reduce the need for antibiotics (Akbarian et al., 2016).

 
Turmeric (Curcuma aromatica Salisb.) belongs to the family Zingiberaceae is a medicinal and aromatic plant with multiple uses. Turmeric is known as the “golden spice” as well as the “spice of life.” It is used in India as a medicinal plant, and held sacred from time immemorial. Turmeric has strong associations with the socio-cultural life of the people of the Indian subcontinent. This “earthy herb of the Sun” with the orange-yellow rhizome was regarded as  “herb of the sun” by the people of  vedic period.  India is the largest producer, consumer and exporter of turmeric. Several commercially produced cosmetics and ayurvedic preparations contain kasthuri turmeric.

Effect on Performance of Broiler
Curcumin, also known as diferuloylmethane (C21H20O6), is a hydrophobic polyphenolic phytocompound present in the rhizomes of the turmeric (Curcuma spp.) belonging to the family of Zingiberaceae which is commonly found in Asian countries. which has been found to have a range of health benefits, including anti-inflammatory, antioxidant, and antimicrobial properties. Recently, there has been increasing interest in using turmeric as a feed additive in the poultry industry to improve the performance of broiler chickens as reported by Sureshbabu et al. (2023).	Comment by pc: Spacing is not the same as above paragraph
The positive effects of turmeric on the performance of broilers have been attributed to its ability to improve nutrient absorption and utilization, enhance immune function, and reduce oxidative stress. Curcumin has been shown to improve the activity of digestive enzymes in the gut, which can lead to better nutrient absorption and utilization. Additionally, curcumin has been found to have immunomodulatory effects, which can enhance the immune response of broilers and help to prevent infections. Finally, curcumin has been shown to have antioxidant properties, which can reduce oxidative stress and improve overall health Scazzocchio et al. (2020).

Furthermore, the use of turmeric as a feed additive in the poultry industry has shown promise for improving the performance of broiler chickens. Studies have demonstrated that the inclusion of turmeric powder in the diet of broilers can lead to improved growth rates, feed conversion ratios, and carcass traits. These effects are likely due to the ability of curcumin to improve nutrient absorption and utilization, enhance immune function, and reduce oxidative stress (Ahmadi, 2010; Abou-Elkhair, 2014).
In poultry, high levels of cholesterol and liver damage are common problems that can affect the birds’ health and productivity. Several studies have investigated the potential of turmeric to improve cholesterol levels and protect the liver in poultry.
Antibacterial and Immunomodulating Effects
Curcumin, a natural polyphenolic compound found in turmeric, has been studied for its antibacterial and immunomodulating effects in poultry. Curcumin, a bioactive compound found in turmeric, has been extensively studied for its potential health benefits in both humans and animals. Among its various effects, curcumin has been shown to possess antibacterial and immunomodulating properties in poultry.
In terms of antibacterial effects, curcumin has been found to inhibit the growth of various bacterial strains, including Salmonella and E. coli in poultry. In a study by Hafez et al. (2022), it was reported that dietary supplementation of curcumin at a concentration of 100 mg/kg significantly reduced the growth of Salmonella enteritidis in broiler chickens. Similarly, in another study curcumin was found to inhibit the growth of E. coli in vitro and in vivo in broiler chickens.
In addition to its antibacterial effects, curcumin has also been shown to modulate the immune system in poultry. For instance, curcumin has been found to enhance the production of cytokines, which are signaling molecules that play a crucial role in the regulation of immune responses. In a study, it was reported that dietary supplementation of curcumin at a concentration of 100 mg/kg significantly increased the production of interleukin-2 (IL-2) and interferon-gamma (IFN-γ) in broiler chickens. These cytokines are known to enhance cellular immunity and promote the activation of immune cells. Curcuma longa has been widely used in the poultry industry as an anticoccidial, anti-inflammatory, immunomodulatory, antimicrobial, antioxidant, and to promote growth performance (Paolino et al., 2016).
Furthermore, curcumin has also been found to modulate the expression of genes involved in the immune response. In a study by Upadhaya et al. (2016), it was reported that dietary supplementation of curcumin at a concentration of 200 mg/kg upregulated the expression of genes involved in the toll-like receptor signaling pathway in broiler chickens. This pathway plays a crucial role in the recognition of pathogenic microorganisms and the activation of immune responses.
Overall, the antibacterial and immunomodulating effects of curcumin make it a promising dietary supplement for improving the health and performance of poultry. However, further research is needed to determine the optimal dosage and duration of curcumin supplementation in poultry.

· Advantages of turmeric powder 
1) It is a natural antiseptic agent and is used externally on cuts and burns in India.
2) It can be helpful in treating digestive disorders.
3) It can protect against liver diseases.
4) It can help to reduce cholesterol levels.
5) It can be helpful in treating eye inflammations



Review of Literature


Growth performance
Durrani  et al. (2006)  studied  the effect of different levels of turmeric (Curcuma longa) on the overall performance of broiler chicks. Four experimental rations designated as A, B, C and D having 0%, 0.25%, 0.5% and 1% Turmeric (Curcuma longa) were fed to 160 broiler chicks, randomly distributed into 16 replicates so as to have 4 replicates per treatment and 10 chicks per replicate. The experiment lasted for 35 days. Average weight gain was used as criteria.  It was concluded that the use of turmeric (Curcuma longa) as feed additive at level of 0.5% enhanced the overall performance of broiler chicks. The body weight obtained in birds fed diet containing turmeric (Curcuma longa) at dietary level of 0.5% was significantly higher (P<0.05) followed by birds fed control diet.

Abdollah et al. (2012)   evaluated the effects of turmeric rhizome powder (TRP) and black pepper (BP) on performance of male broiler chickens. A 2 × 3 factorial arrangement with two levels of Turmeric powder (0 and 0.5 g/kg) and three levels of Black Pepper (0, 0.5 and 1 g/kg) were used to provide six dietary treatments. Each diet was randomly fed to four groups of 12 chicks each, and performances were measured. Results showed that weekly body weight gain (BWG) were not influenced by TRP. The effects of TRP, BP and their interaction on weight gain male broilers during the first 21 day of age Wwere not significant.  Body weight gain of male broiler chicks during different weeks were also not influenced by TRP, BP or their interactions.
Hemato-biochemical  parameters

                Hosseini-Vashan. et al. (2011)   studied varying levels of turmeric powder  on two hundred sixty-four one-day old broilers were divided to 3 dietary treatments containing 0, 0.4 and 0.8% turmeric powder (TP). Each dietary treatment was replicated 4 times with 22 broilers each. Feed and fresh water were supplied ad libitum. The daily temperature was increased from 21 to 32oC for 5 hours at 28 to 42 days of age. The activity of some enzymes like Aspartate Transaminase (AST), Alanine Transaminase (ALT), were estimated. Results revealed that  the activity of ALT and AST were not affected. 

Sugihotro et al.(2011) carried out an experiment to investigate the effect of turmeric extract on blood parameters in broilers. A total of 100 mixed-sexes Lohman chicks were used in the experiment set up with completely randomized design of 5 different doses of turmeric extract given orally start from day-15 to day-35. Chicks   given no turmeric extract were used as a control (T0), whereas T1, T2, T3 and T4 were the chicks given turmeric extract of 200, 400, 600 and 800 mg/kg-live BW, respectively. Hemoglobin values of broilers given turmeric extract 800 mg/kg-live BW were significantly higher (P<0.05) at week-3 and week-4, but not at week-5, compared to broilers given turmeric extract with lower doses or control group. Turmeric extract did not affect significantly (P>0.05) the concentration of erythrocytes. Turmeric extract seemed to be able to improve the digestion and metabolism (of fat) and resulted in enhanced production of hemoglobin in broilers.

Abdollah et al . (2012)  evaluated the effects of turmeric rhizome powder (TRP) and black pepper (BP) on blood components and performance of male broiler chickens. A 2 × 3 factorial arrangement with two levels of TRP (0 and 0.5 g/kg) and three levels of BP (0, 0.5 and 1 g/kg) were used to provide six dietary treatments. Each diet was randomly fed to four groups of 12 chicks each, and performance and hematological criteria were measured. The results showed addition of 0.5 g TRP to diet significantly decreased alanine aminotransferase (ALT) activity, but did not affect aspartate aminotransferase (AST). Even though, activity of AST, ALT were not influenced by the addition of BP to diet.There was no significant interaction between TRP and BP on blood metabolites and performance of male broiler chickens.
A study conducted by Mondal et al. (2015) investigated the effects of dietary supplementation with turmeric on the serum lipid profile and liver function of broiler chickens. The study showed that turmeric supplementation significantly reduced the serum levels of total cholesterol, triglycerides, and low-density lipoprotein cholesterol while increasing the levels of high-density lipoprotein cholesterol. In addition, turmeric supplementation improved liver function parameters, such as serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels.

Carcass Characteristics
AL-Sultan (2003) investigated the effect of Curcuma longa (turmeric) feed additive on overall performance of broiler chickens . The implication of different diet inclusion levels (0.25, 0.5 and 1.0%) of turmeric on carcass analysis  of broilers were tested compared to untreated control birds. Regarding carcass analysis the higher spleen weight index was observed in birds received feed contained 1.0 % turmeric.
Namagirilakshmi et al. (2010) was carried out to assess the effect of turmeric as an herbal feed on characteristics of broiler chickens from 0-6 weeks of age. Day old broiler chicks (120 ) were randomly allotted to five treatment groups with three replicates of eight chicks each. The chicks were reared up to 42 days and slaughtered for collecting data on organ weight. The weight (g/kg) of spleen increased significantly (P< 0.05) between turmeric fed groups and control.

Hossain et al. (2014) studied locally available herbs and spices were in broiler. Different herbs like- cumin, myrobalan, turmeric, garlic, ginger, mushroom, black cumin, coriander, cinnamon, chilli powder and neam leaves were applied on 390 broiler chicks. A basal diet was supplemented with 1g/L antibiotic (positive control), 0g antibiotic (negative control), 1% dose of concentration of cumin, myrobalan, turmeric, garlic, ginger, mushroom, black cumin, coriander, cinnamon, chilli powder and neam leaves. At the age of 28 days, significantly higher (P<0.05) dressing percentage was found in black cumin compared to the control.




Conclusions
· Dietary supplementation of Turmeric powder (2%) to broilers diets resulted in significantly higher body weight gain and feed consumption.
· Heamatobiochemical parameters and carcass characteristics were not influenced by supplementation of Turmeric powder to broilers diets. 
Regarding blood biochemical parameters, values of Hb, PCV, TEC, TLC and ALT showed non-significant difference among turmeric powder treatment groups. However values of AST were significant as turmeric powder compared to control groups but were found in normal range suggesting that supplementation of turmeric powder r did not have any adverse effect on overall health and liver function of experimental birds. However, haemato-biochemical parameters did not show any positive or negative effect on health status of broilers. Though value were high for Aspartate amino transferase (AST) but, they did not have any adverse effect on growth, FCR and overall health of experimental birds when supplemented in the diets. 	Comment by pc: What is the r
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